I. Introduction
Prior research, beginning in the late 1970s, has evaluated the comparative forecasting accuracy of time series and survey forecasts of major U.S. macroeconomic indicators (see, e.g., Mullineaux 1978; Mankiw, Runkle, and Shapiro 1984; Hafer and Hein 1985; and Hafer, Hein, and MacDonald 1992) . More recently, Aggarwal, Mohanty, and Song (1995) , examined the rationality of survey forecasts of 11 U.S. macroeconomic indicators provided by Money Market Services, Inc. (MMS) for the November 1977-November 1993 period.
1 Building on earlier analysis, they first evaluate whether each series and its survey forecast are stationary or nonstationary, as inferences drawn from traditional regression analysis using nonstationary data can be incorrect. They find that the median survey forecasts and the announced time series of housing starts, the unemployment rate, and the trade balance are nonstationary as reported but stationary in first difference. These series are cointegrated with factor one * I thank the editor, an anonymous referee, and Michael Moran (Daiwa USA). Research support was provided by John Carroll University.
1. More recently, Aggarwal and Mohanty (2000) provide a similar analysis of five Japanese macroeconomic indicators and their survey forecasts using MMS data. They find that the survey forecasts of the trade balance, retail sales, the M1 measure of the money stock, and housing starts are generally cointegrated with factor one with the actual announcements and are rational. The survey forecast for industrial production is found to be biased and inconsistent with rational expectations.
The purpose of this article is to investigate the rationality of two survey forecasts of selective U.S. macroeconomic performance measures that were widely followed in the financial markets during the 1990-2000 period. The research compares the rationality of survey forecast data from Money Market Services, Inc., and Thomson Financial. This article extends prior research that has evaluated the rationality of Money Market Services data for earlier time periods while also evaluating similar consensus forecast data from Thomson Financial that were widely reported in both Barron's and the Wall Street Journal during the 1990s.
and are generally consistent with rational expectations. Among the other eight stationary series as reported and their median forecasts, only survey forecasts for consumer prices and personal income are rational.
This article builds on earlier analysis in two dimensions. First, an additional source of consensus forecast of major U.S. macroeconomic indicators is evaluated from weekly issues of Barron's and the Wall Street Journal, which reported consensus forecast data from Thomson Financial (TF) during the May 1990-December 2000 period. The rationality of the TF survey data is compared to MMS forecast data for this recent period. Given the prior empirical studies that question the rationality of selective survey forecasts of U.S. macroeconomic indicators using the MMS survey data, examining the rationality of a second set of survey forecasts seems in order. Second, the rationality of the MMS survey forecast data for the May 1990-December 2000 time period is compared to the earlier findings of Aggarwal et al. (1995) .
The organization of the article is as follows. Section II briefly reviews the use of survey forecasts in empirical studies of asset pricing and prior analysis of the rationality of MMS survey forecasts. The next section describes the data and research design. Section IV follows with presentation and discussion of the empirical results. Conclusions follow in Section V.
II. Testing the Rationality of Survey Forecasts
There has been considerable analysis and debate over the rationality of asset pricing in U.S. and other developed financial markets. Many studies have investigated the short-run adjustment of asset prices to information released in the periodic announcements of U.S. macroeconomic indicators (see, e.g., Pearce and Roley 1985; Frankel and Froot 1987; Hardouvelis 1987; and Aggarwal and Schirm 1992) . These studies document equity, debt, and foreign exchange market reaction to new information in regular announcements of selective U.S. economic indicators for various periods during the 1970s and 1980s. The measure of market expectations for these various announcements frequently used in these studies is median survey forecast data provided by MMS. Given the documented reaction of asset prices to new information in announcements of U.S. economic indicators, evaluation of the rationality of MMS and other survey forecasts that could be used in similar studies seems appropriate.
As pointed out by Aggarwal et al. (1995) , many studies have evaluated the rationality of survey forecast of macroeconomic indicators using regression analysis without prior consideration of the stability of the time series data of the actual indicator series and its forecast (see, e.g., Zarnowitz 1985; Frankel and Froot 1987; and Pearce 1987) . Typically, the actual indicator series is regressed on its forecast series and an intercept, with inferences drawn on the rationality of the forecast based on the size and significance of the estimated coefficients, the equation's overall explanatory power, and the serial correlation characteristics of the equation's errors. It has been shown that inferences drawn from regression estimations of unstable time series data can lead to erroneous conclusions, based on spurious regression results (Engle and Granger 1987) .
III. Data and Research Design
In this article I examine the rationality of 10 U.S. macroeconomic indicator series and survey forecasts of their announced values provided by MMS and TF for the May 1990-December 2000 period. The time series of announced values for each indicator and the MMS median forecast have been obtained directly from the firm, while the TF median forecast for each announcement has been obtained from weekly issues of Barron's and the Wall Street Journal during this time period.
2 The monthly macroeconomic indicator series evaluated in this article include the change in nonfarm payroll employment, the civilian unemployment rate, the percentage change in retail sales, the percentage change in the producer price index, the number of new housing starts, the percentage change in industrial production, the percentage change in the consumer price index, the monthly trade balance, the percentage change is durable goods orders, and the percentage change in personal income. Aggarwal et al. (1995) include all of the above except nonfarm payroll employment but also include weekly changes in the narrowly defined money stock, M1, and the monthly leading economic indicator series.
3
In order to develop their survey forecast of macroeconomic indicators, both MMS and TF conduct a weekly survey every Friday, soliciting individual forecasts of U.S. macroeconomic indicators to be announced during the following 1-2 weeks. Survey participants include representatives primarily from the research departments of money center commercial banks and security houses and number close to 30 and 20 respondents each in the MMS and TF surveys, respectively. While the precise overlap of survey respondents could not be determined, as MMS will not reveal the institutions surveyed, it is expected that both surveys are dominated by representatives of the New York money center financial institutions. 4 In addition to surveying a larger number of respondents, the MMS survey includes representation from consulting firms and academic institutions, as well as banking and investment firms, the latter of which are the focus of the TF survey. Results of each survey are made available immediately to participants, service subscribers, and the financial press. This study evaluates the rationality of these survey forecast following Aggarwal et al. (1995) . They point out that tests of forecast unbiasedness have typically followed Muth (1961) and use a model of the following form: 
, and is a random error term. In addition, following forecast of the series t Muth (1961) , must be both uncorrelated with the expected value of the t series and also exhibit no significant serial correlation. Failure to meet any e Y t of these conditions will reject the unbiasedness of the survey forecast data.
In order to examine the stationarity of both the announced series and the two survey forecasts of each announced series, an Augmented Dickey-Fuller (ADF) test for unit roots is specified with an OLS regression for each series (see Dickey and Fuller 1979) :
The ADF test evaluates to determine if the estimated coefficient is signifb 1 icantly different from zero in order to reject the null hypothesis of a unit root. Hafer, Hein, and MacDonald (1992) apply a similar test to the residuals from equation (1) to test for the unbiasedness of survey forecasts as in equation (3):
They conclude that an unbiased forecast should have stationary errors and thus should be significantly different from zero, rejecting the null hypothesiŝ F 1 of a unit root. Aggarwal et al. (1995) argue that stationary forecasts are a necessary, but not sufficient, condition for unbiased forecasts, particularly for nonstable indicator and forecast series. They suggest that if both the indicator series and its forecasted value are nonstationary and follow a unit root process, a cointegration test should be performed in order to evaluate the unbiased nature of the forecast. Following Engle and Granger (1987) , the announced and forecast series are said to cointegrated if they are (1) nonstationary in levels, (2) stationary in first differences, and (3) if there exists a linear combination of levels, , which is stationary. Aggarwal et al. (1995) assert
that if both the actual and the forecasted series are cointegrated, the cointegrating factor is one, and the forecast errors follow a white noise process, then this suggests that the forecast is rational. If both the actual indicator series and its survey forecast are stationary in first differences, a cointegrating regression can be estimated. Given the nonnormal nature of both the indicator series and the median survey forecasts, Aggarwal et al. (1995) follow a three-step procedure suggested by Engle and Yoo (1991) . The procedure is as follows:
Step 1: The cointegration regression coefficient is estimated from equation (1),
Step 2: Estimate g from the following regression equation:
Step 3: The correct estimate of the cointegration regression coefficient is where the t-statistic is given by .
Using this procedure, Engle and Yoo (1991) show that the estimated cointegrating vector and its standard error are asymptotically equivalent to Full Information Maximum Likelihood estimation. Recent discussion in the financial press has suggested the possibility that the U.S. economy experienced a change in productivity transformation during the l990s.
5 In order to test for a change in the rationality of MMS and TF consensus forecasts during the 1990s, perhaps due to a productivity transformation, the stability of the estimated regression coefficients for both equation (1) and equation (4c) are evaluated for the pre-and post-1995 period. 5. An anonymous referee suggested investigation of the stability of the pre-and post-1995 period rationality results in light of discussion of a change in productivity transformation in the U.S. economy in recent years. Additional research on this topic continues.
6. The specific tests employed are Chow (1960) test and the CUSUM and CUSUM of squares tests of Brown, Durbin, and Evans (1975) . Hao and Inder (1996) find the CUSUM test to have nontrivial local power to detect structural change in cointegrated regression models. period, MMS has smaller average forecasting errors for nonfarm payroll employment, industrial production, the monthly trade balance and durable goods orders. The TF has smaller average forecasting error for retail sales, the producer price index, and personal income, while both MMS and TF forecasts of unemployment, housing starts, and the consumer price index exhibit similar accuracy. In all cases, the sign of the average forecast error for both surveys is the same. With the exception of the civilian unemployment rate, all series forecasts exhibited smaller standard deviations than the announced indicator series. The patterns of standard deviations of forecasting errors mirror, to some extent, the patterns of mean errors for MMS and TF. It is also interesting to note that the sum of the standard deviations of the forecasts and the errors for each series exceeds the standard deviation of the actual series.
IV. Empirical Results
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The results of the Augmented Dickey-Fuller (ADF) tests are presented in table 2. Three of the 10 indicator series and both their MMS and TF forecasts exhibit a unit root in the original series, and no unit root in the first difference of the original series for the May 1990-December 2000 period. 8 They include the civilian unemployment rate, housing starts, and the monthly trade balance, the same U.S. indicator series identified by Aggarwal et al. (1995) as nonstationary for the 1980-93 period. Note that both housing starts and the monthly trade balance are measured in levels and the civilian unemployment rate is measured as a percentage of the labor force. The other seven series that are stationary as reported are in fact measured as percentage changes or changes-for example, the change in nonfarm payroll employment, the percentage change in the consumer or producer price index, the percentage change in durable goods orders, and so on. The fact that the latter seven stable series and their forecasts are measured in changes or percentage changes, and not levels, raises the issue of how the dimension of indicator measurement may be related to the apparent stability in the indicator series.
9
Given the statistical problems associated with inferences drawn from regression estimates of equation (1) in the presence of nonstationary time series data and the results from the ADF tests reported in table 2, cointegration tests are performed for the forecasts errors or residuals from equation (1) for the civilian unemployment rate, housing starts, and the monthly trade balance. If the announced series and its forecast are cointegrated, then the residuals for equation (1) should not exhibit a unit root. Table 3 indicates that ADF results for the residuals from equation (1) reject the hypothesis of no cointegration at the 1% level. This evidence of cointegration suggests a long-run stable 7. The MMS and TF median forecasts for each indicator are highly correlated, with correlation coefficients ranging from .89 for personal income to .99 for the civilian unemployment rate.
8. For the ADF test, lags were added as long as they provided statistically significant information at the 5% level.
9. Aggarwal and Mohanty (2000) , in their study of Japanese macroeconomic indicators, find that percentage changes in M1, housing starts, and retail sales, and the currency value of the trade balance are unstable as reported and forecast by MMS. These results for the first three series, reported as percentage changes, suggests that the unit of measurement has not eliminated the instability in these series. 
b Estimated and corrected coefficient based on three-step error correction model, t-ratios in parentheses. c Estimated and corrected coefficient based on three-step error correction model, t-ratios in brackets. d Q-statistics for the forecast errors ( ). None of the statistics are significant at the 5% level for lags Y Ϫ Y e up to 36 months except for the unemployment equation using the MMS survey data.
e For lags greater than 21 months the Q-statistics are significant at the 5% level or less in the unemployment rate equation using the MMS survey data. ** Significant at the 5% level or less (following MacKinnon 1991). # is significantly different from one at the 5% level or less. b 1 relationship between both the MMS and TF forecasts and the civilian unemployment rate, housing starts, and the monthly trade balance.
Following the three-step procedure of Engle and Yoo (1991) , estimated and corrected coefficients for equation (1) efficients are significant at the 1% level, with the Q-statistics for the forecasting errors for equation (1) for lags up to 36 months indicating no evidence of serial correlation at the 5% level or less for both MMS and TF survey data for housing starts and the monthly trade balance, and for the TF survey data for the civilian unemployment rate. There is evidence of serial correlation in the forecasting errors for equation (1) at the 5% level or less for the MMS survey forecast of the civilian unemployment rate for lags greater than 21 months for the 1990-2000 period. The bracketed t-statistics identified by a pound sign indicate that the corrected for both MMS and TF surveys for b 1 the civilian unemployment rate, the MMS survey of housing starts, and the TF survey of the monthly trade balance are significantly different from one.
The small magnitude of these differences from one calls into question whether these are significant economic differences.
In order to test the stability of the estimated and corrected coefficients b 1 for equation (1) reported in table 3 for the post-1995 period, the regression results were evaluated using a Chow test with identified break points, and CUSUM and CUSUM of squares tests without identified break points. In all cases there is no evidence of significant change at the 10% significance level or less in the regression results, suggesting no change in the rationality of the MMS or TF forecasts of housing starts, the monthly trade balance, or the unemployment rate during the 1990-2000 period.
Tests for the unbiasedness of the survey forecasts for the seven stationary macroeconomic indicator series are reported for equation (1) in table 4. The x 2 -statistic for H 0 indicates that the null hypothesis of unbiasedness cannot be rejected for both the MMS and TF survey forecasts for nonfarm payroll employment, retail sales, the consumer price index, and the TF survey forecast of personal income. The MMS and TF survey forecasts for the producer price index, industrial production, durable goods orders, and the MMS survey forecast for personal income are biased. In all cases, the biased forecasts tend to underpredict the actual indicator as evidenced by coefficients significantlŷ b 1 greater than one and coefficients not significantly different from zero witĥ d 0 the exception of producer price index forecasts.
The regression results reported in table 4 also appear to be stable throughout the 1990-2000 period. There is no evidence of significant change in the bias of the MMS or TF consensus forecasts of the various U.S. indicators at 10% significance level or less, based on either Chow or CUSUM and CUSUM of squares tests. In combination with the very similar stability tests results for table 3, there appears to be no evidence of a significant change in the rationality of consensus forecasts in the post-1995 period.
10 Table 5 summarizes the findings from tables 3 and 4 for the rationality of the MMS and TF consensus forecasts for the May 1990-December 2000 period. Both surveys appear not to provide rational forecasts for the producer price index, industrial production, and durable goods orders. In addition the MMS forecast for personal income was also not rational. In contrast, both surveys appear to have rational forecasts of nonfarm payroll employment, retail sales, and the consumer price index. The MMS and TF forecasts and the actual series for the unemployment rate, housing starts, and the monthly trade balance were not stationary as reported but were cointegrated in first difference with a factor close to one, providing support for the rationality of both survey forecasts of these economic indicators.
A comparison of the results for the MMS data for the May 1990-December 2000 with the earlier analysis for the 1977-93 period by Aggarwal et al. 10 . The many graphical plots for the CUSUM and CUSUM of squares tests and F-statistics and associated probability values for the Chow tests are not reported in this article but are available from the author on request. (1995) is summarized in table 6. For the nine series evaluated in both studies, the stationarity tests produce similar results, namely, that the civilian unemployment rate, housing starts, and the monthly trade balance are stationary in first differences of both the announced series and the consensus forecasts. These same series have cointegrating factors close to, but significantly different from one. The other six series, the percentage change in retail sales, producer price index, industrial production, consumer price index, durable goods orders, and personal income are stationary in levels for both time periods. While the test results for bias in the survey forecasts are generally very similar for both studies, two exceptions are the percentage change in retail sales and durable lective U.S. indicators in Barron's and the Wall Street Journal provided by TF, this article provides a comparative analysis of the rationality of survey forecasts of both MMS and TF for the May 1990-December 2000 period. In addition, the article also compares the rationality of the more recent MMS forecast data with the earlier data evaluated by Aggarwal et al. (1995) . While it is likely that there is some overlap in survey respondents in the MMS and TF weekly surveys, the apparent difference in size and institutional coverage of the two samples suggests possible differences in median survey forecast performance. An examination of both MMS and TF average forecast errors for each of the 10 indicator series indicates some differences in the accuracy of the forecasts during the 1990s. The MMS has smaller average forecasting errors for nonfarm payroll employment, industrial production, the monthly trade balance and durable goods orders. The TF has smaller average forecasting error for retail sales, the producer price index, and personal income, while both MMS and TF forecasts of unemployment, housing starts, and the consumer price index exhibit similar accuracy. The sign of the forecasting errors for both MMS and TF are the same for all indicator series.
While the stationarity and cointegration characteristics of the actual U.S. indicator series and both the MMS and TF median survey forecasts are similar for the May 1990-December 2000 period, there are a few differences. The forecast and announcement by TF for housing starts and MMS for the monthly trade balance are cointegrated with factor one and consistent with strict rationality. The MMS median forecast and announcement of both the civilian unemployment rate and housing starts are cointegrated with a factor close to but significantly different from one. Similarly, the TF median forecast of the unemployment rate and the monthly trade balance are cointegrated with a factor close to but significantly different from one. These differences from factor one, while strictly inconsistent with rational expectations, are small and amount to 3% or less.
The other seven indicator series and their forecast are stationary as reported. Both the MMS and TF forecasts for nonfarm payroll employment, retail sales, and the consumer price index are unbiased, while both forecasts of the producer price index, industrial production, and durable goods orders are biased. The TF, but not the MMS, forecast of personal income is also unbiased during the May 1990-December 2000 period. These stationary indicators are all reported in percentage changes or a first difference, thus suggesting that the units of measurement of the respective indicators may explain, in part, the results of the stability tests. Stability tests of the regression results for both the MMS and TF forecasts for all indicators for the 1990-2000 period reveal no evidence of significant change in the rationality of these forecasts in the post-1995 period.
A comparison of the rationality of the MMS survey median forecast for the more recent period with the earlier analysis of Aggarwal et al. (1995) finds that of the nine U.S. macroeconomic series evaluated in both studies, only retail sales and durable goods orders differ for the two periods. The MMS forecast of retail sales is unbiased for the more recent period in contrast to evidence of biased forecasts during the February 1980-October 1993 period. In contrast, the MMS forecast of durable goods is biased for the more recent period yet appears to be unbiased for the February 1980-October 1993 period. Thus there is some evidence of time instability in the rationality of MMS median survey forecast data over the longer 1980-2000 period.
